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Nanotechnology is an advanced technology involving manipulation of materials at a nanoscale to create nanostructured materials with new properties. The technology has undergone rapid development for the past decade, and its application has spanned a wide range of consumer products. The applications of nanotechnology in the food sector are still in their infancy. There are a lot of uncertainties in regards to nanomaterials' impact on both human health and environment. Such uncertainties raise certain concerns over nanomaterials' safety to consumers, despite their potential benefit to address many of the food industry's current needs. In a collection of works from acknowledged experts in nanotechnology field, Nanotechnologies in Food provides rich information about current applications of nanotechnology in the food sector, nanoparticles' potential benefits and risks, and regulatory issues in some developed countries. in food packaging. In summary, the main benefits of food nanotechnology are improved food bio-security and safety, and the enhanced nutritional value of food products.
The authors also raise safety concerns over the applications of nanotechnology in food. They worry the benefits derived from the size of the nanomaterials may impose potential health risk to consumers. For example, the nanomaterials in food or beverage may translocate from gastrointestinal track (GIT) to other organs via the blood stream, and the nanoparticles in food packages may migrate from the package to the food. Although protein, carbohydrates and lipids are digested at the nanoscale in the GIT, foods processed at the nanoscale may act differently in the GIT.
The potential health risk to consumers exposed to nanomaterials, especially ENPs, is the focus of Chapter 8, "Engineered Nanoparticles and Food: an Assessment of Exposure and
Hazard." 5 The authors give a detailed discussion about the likely routes of exposure to ENPs, the potential hazard, and the methods to assess the hazard and exposure. The main route of exposure is through the GIT. Through the translocation from GIT, other organs may become exposed to ENPs too, thus causing potential hazards. Currently, hazard assessment of ENPs focuses on toxicokinetics and dose-response relationship. Toxicokinetics looks into the ENPs translocation to other organs via the blood system, while dose-response studies the relationship between a range of realistic doses and their health effects on different target organs. The authors recognize current knowledge gaps for the ENPs' exposure assessment, and outline the studies needed to fill the gaps and enable adequate exposure assessment. Based on these three guiding principles, the authors then develop "the major components of a harmonized risk governance in the food sector." 11 The authors advocate that the risk assessment should focus on safety research, the existing statutory framework should be adopted for nanomaterials, food industry has the responsibility to ensure safe products through their whole life cycle, and societal communication processes should first be organized to ensure that consumers are making informed decisions about the use of nanotechnology in food sector.
Application of the precautionary principle to food nanotechnology is appropriate for three reasons. First, existing scientific information provides a reasonable ground to raise health and environment concern over nanomaterials safety. Second, nanoparticles may be difficult to remove from the environment, thus the harm may be irreversible. Third, the expanding use of nanomaterials in food industry puts the pressure on decision makers to act fast because they do not have time to wait for the conclusive evidence of risk. Life-cycling approach, however, may be impossible. Meaningful life-cycle analysis requires conclusive risk evidences about the nanomaterials, but such conclusive evidences are current not available.
11 Martin Möller, supra note 7, at 189.
Under the proposal of adopting existing statutory frameworks, manufacturers of products containing nanomaterials are required to provide the responsible food authorities with notice, and label their product with full declaration of the ingredients. These requirements are reasonable and beneficial. A notification requirement has two advantages. First, it enables the food authorities to keep track of all uses of nanomaterials as they spread into the marketplace.
Second, it imposes a relatively small financial and regulatory burden on manufacturers because the information is already available during the development of new products. A labeling requirement not only motivates industries to ensure the safety of their products and processes, but also raises public awareness of food nanotechnology. This stimulates public communication,
although it imposes a modest financial and regulatory burden on manufacturers. The authors also recognize that a standard definitions and nomenclature for nanomaterials is necessary to realize the effects of label requirement and notification obligation.
The authors also propose no "nanofood law" because they concern that a new "nanofood law" could cause the double regulation and discourage food industries to self-regulate. Such proposal can not stand the ground in light of lesson from genetically modified (GM) foods. In response to the unknown risk posed by GM foods, the U.S. government first relied on selfregulation and then on existing statutes. The approach has not been effective in identifying or addressing risks, and unnecessarily exposed the public and the environment to adverse risks.
Given the uncertainty of nanoparticles' potential risk and the range of products of food nanotechnology, the food authorities should discriminate between conventional and nanosized particles of the same substances, and take a more aggressive approach in regulating food nanotechnology. The specific "nanofood law" will also increase public trust in nanotechnology.
Consumer acceptance, as agreed by all the authors, is essential for the future development of food nanotechnology. The authors' concern that food industries may be discouraged from selfregulation is groundless, too. Given the rapid spread of nano-food in the market, the food industries have the strong economic interest at stake and will be harmed by any adverse nanotechnology event. Therefore, they have strong incentive to develop guidelines for the best nanotechnology management practices and follow the specific "nanofood law".
Given the current low public awareness of food nanotechnology and consumer historical conservative attitude toward innovations in food technology, societal communication is essential to raise public awareness and build up consumer trust. Understanding consumer psychology is critical to promote public communication. In Chapter 2, the authors 12 explore the psychology of consumer's food choice, its implications for food nanotechnology, and the challenges to develop effective risk/benefit communication strategies. It appears that consumer acceptance will depend on their risk/benefit perceptions and their response to persuasive information about the benefits of nanotechnology. In Chapter 3, the author 13 further discusses current status of public perceptions and provides the strategy to increase the public awareness of food nanotechnology.
The author 14 in Chapter 7 outlines the potential benefits that the nanotechnology can bring into the food industry to help establish consumer trust, and stress that addressing the needs and aspirations of the consumers is extreme important in changing consumer's conservative attitude toward applications of nanotechnology in food.
The rapidly emerging nanotechnology has also challenged current regulations. has yet enacted nano-specific regulations. In Chapter 10, the authors 15 examine current regulatory frameworks in EU, USA and Australia, and assess the adequacy of these regulations for nanomaterials in the food sector.
While no regulations are specifically designed to regulate nanotechnology in food, the authors believe that the existing regulations are broad enough to cover nanoparticles used in food and food contact materials (FCMs), because the existing regulations impose the burden on the sellers to put safe food or food packages in the market, thus safeguarding against the irresponsible application of nanotechnology. Again, like the authors from Chapter 11 who believe "no nanofood law", the authors here fail to realize the same problems embedded in "no nano-specific law. In EU and Austria regulations, though, the unclear definition of "novel food"
relating to nanoscale food ingredients may cause some nanofood to fall out of the "novel food" category and slip through the regulation net. In addition, the new EU regulation relating to nanoscale food additives suffers potential limitation in assessing the additives' safety. The safety issue also exists when untested nano forms of their bulk equivalents are used because the bulk forms may satisfy the requirement of regulations.
A noteworthy aspect of this book is that, while each chapter, standing on their own, provides succinct and insightful information from different aspects of the food nanotechnology, the book as a whole can be better organized, and some of the chapters can be combined and their information can be condensed. importance of public communication has been repeatedly discussed in detail in Chapters 6, 7, and 11.
Despite these structural defects and some criticisms in this book review, Nanotechnologies in Food provides a reasonable and impartial overview on this type of technology. Given the fast growing food nanotechnology market and the potential benefit that the technology can bring into the food industry, a complete ban of the food nanotechnology would be practically impossible.
On the other hand, absence of nano-specific regulations may expose the public to severe risk and destroy the innovation. Although experts in the nanotechnology field wrote the book, the information offered is easily understandable. This book is a must-read for those who have interest in basics of nanotechnology and for those who are interested in deep discussion. The book has the potential to enhance public awareness and promote public communication in the applications of nanotechnology in food sector.
